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Argumentation and processing knowledge in open-ended assignment tasks:
Challenges and accomplishments among pharmacy students
Abstract
Students in higher education have been shown to have difficulties in developing their critical thinking
skills, such as analysis and problem solving, reasoning and argumentation. Open-ended tasks offer
opportunities for students to develop their own interpretations of various sources, to critically analyse
domain-specific knowledge and utilize that knowledge in their argumentation. This study focuses on the
ability of new Master’s students (n=37) to utilize pharmaceutical knowledge from different sources in
producing written arguments and counter-arguments in the context of open-ended assignment task. The
data were analysed by qualitative content analysis. The results showed that there was substantial
variation in how students analysed and processed pharmaceutical knowledge as well as how they utilized
that knowledge in their argumentation. While some students were able to provide comprehensive analysis
of the different sources, others superficially analysed and processed the sources and struggled to
generate convincing arguments. Students’ written responses were typically one-sided: only a few students
provided counter-arguments associated with the pharmaceutical problem-solving situation presented in
the task. Understanding the nature of the challenges in argumentation and knowledge processing
encountered by pharmacy students can help pharmacy educators to modify their pedagogical practices
to better support students’ learning.

Practitioner Notes
1. University students even in Master program level may have challenges related to
argumentation and processing knowledge
2. The challenges in argumentation and processing knowledge should be taken into account
and should be enhanced and practiced from the beginning of the studies.
3. Critical thinking and argumentation should be integrated into the intended learning
outcomes, learning and teaching activities, the contents of the courses, and assessment.
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critical thinking, argumentation, knowledge processing, analysis, reasoning, pharmacy, higher education
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Introduction
Previous studies indicate that critical thinking is pivotal in order to learn field-specific skills and
knowledge (Arum & Roksa, 2011; Hyytinen et al., 2019; Tuononen & Parpala, 2021), to aim at
high-quality learning for understanding (Tuononen et al., 2019a), as well as to develop expertise in
one’s own field (Tuononen et al., 2017; Tuononen et al., 2019b). Critical thinking is a purposeful
self-regulatory judgement about what to believe and what to do in a certain situation (Halpern, 2014;
Hyytinen & Toom, 2019). It is a combination of complex cognitive skills such as problem solving,
analysis and evaluation, and argumentation, but it also involves the disposition to use these skills.
There is evidence that many higher education students have difficulties in critical thinking, more
precisely in assessing the reliability and relevance of information, in recognizing biases and reaching
a conclusion, and in generating convincing arguments (Arum & Roksa, 2011; Badcock et al., 2010;
Evens et al., 2013; Hyytinen et al., 2015; Hyytinen et al., 2018; Nissinen et al., 2021).
Skills in producing arguments are an integral part of critical thinking (Kuhn, 2019). It is also related
to reasoning and decision-making skills. Argumentation refers to the process of providing claims,
challenging them, and backing them with reasons (Gambrill, 2019; Hyytinen et al., 2017). Pharmacy
students should learn both domain-specific content knowledge as well as skills to use content
knowledge during their studies. These skills are also essential later in working life as pharmacy
professionals (Allen & Bond, 2001; Cisneros, 2009; Cone et al., 2016; Kidd & Latif, 2003; Miller,
2003; Miller, 2004; Nornoo et al., 2017; Phillips et al., 2004). One core skill for pharmacists is the
ability to generate arguments and counter-arguments. Pharmacists need profound argumentation
skills when working as pharmacy professionals in a multiprofessional health-care team and in patient
counselling situations (Phillips et al., 2004). In the pharmaceutical industry, moreover, the
increasingly interdisciplinary nature of pharmaceutical product development and manufacture has
addressed the need to contribute not only to the domain-specific knowledge of pharmacy students,
but to enhance the development of reasoning and decision-making skills during pharmacy education
(LIAT-Ph Consortium, 2014). Despite the importance of skills in making arguments, this aspect has
received little attention within research on pharmacy education.
This study approaches these concerns by presenting an open-ended task to assess pharmacy students’
understanding of pharmaceutical knowledge and their ability to process that knowledge and use it
in their written argumentation. Previous research has shown that the first year of study forms a
crucial foundation for academic achievement in subsequent studies and in degree completion (e.g.,
Haarala-Muhonen et al., 2017). More precisely, critical thinking is found to be an important factor
for academic achievement and adaptation to higher education (e.g. Allen & Bond, 2001; Arum &
Roksa, 2011; Badcock et al., 2010; Miller, 2003; van der Zanden et al., 2019). In order to better
understand students’ various needs, to add to our pedagogical understanding, and to provide study
programmes with tools to support students’ transition to Master’s studies, the present study sets out
to explore the ability of 1st-year Master’s students to utilize pharmaceutical knowledge from
different sources in producing arguments and counter-arguments.
Critical thinking is essential in the field of pharmacy
Pharmacy students should develop an adequate knowledge base related to relevant natural science
phenomena as well as the skills to evaluate and utilize pharmaceutical knowledge critically during
their studies. They should also be able to evaluate the information critically, make reasoned
decisions based on the available information, and communicate it in order to be able to perform
successfully as pharmacy experts in working life. Nevertheless, a recent study among pharmacy
students (Inacio et al., 2017) showed severe problems in pharmacy students’ understanding of basic
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knowledge, such as antibiotic resistance mechanisms. Furthermore, pharmacy students tend to adopt
surface-level processing in learning (Nieminen, et al., 2004; Varunki et al., 2017), which means that
they do not emphasize knowledge processing and construction much, and instead tend to have a
fragmented knowledge about the subject matter. This, in turn, may lead to low-level learning and
problems in knowledge application. This is problematic because students should become experts
who are able to construct and process knowledge in order to be able to apply that knowledge
effectively to actual problems in real-life situations (Boshuizen & Schmidt, 2008).
Pharmacy professionals need a repertoire of critical thinking skills that will enable them to acquire,
evaluate and synthesize knowledge and use that knowledge in reasoning, argumentation, and in
patient counselling (Miller, 2003; Oyler & Romanelli, 2014). Since much of professional practice
is problem-solving, students need to develop analytical skills to make decisions in both familiar and
unfamiliar circumstances. Critical thinking fosters a questioning attitude among professionals and
is a prerequisite skill in making arguments and counter-arguments (Oyler & Romanelli, 2014).
Argumentation is thus a necessary skill for a pharmacy graduate because pharmacists need to
question claims and make professional and expert decisions. They also need to evaluate and analyse
knowledge from several sources and utilize that knowledge when resolving patients’ medication
problems and assessing treatment outcomes (Abrami et al., 2008; Oderda et al., 2010; Persky,
Medina & Castleberry, 2019). Earlier research has demonstrated that critical thinking skills are
predictive of student performance in clerkships and pharmacy practice courses (Allen & Bond,
2001), and critical thinking is also positively related to students’ study success (Miller, 2003; see
also Arum & Roksa, 2011; Badcock et al., 2010; van der Zanden et al., 2019).
Previous studies on pharmacy students’ critical thinking skills have been mostly quantitative.
Additionally, self-report surveys or standardized multiple-choice tests have been the main
approaches to assessing critical thinking (e.g., Allen & Bond, 2001; Cisneros, 2009; Cone et al.,
2016; Miller, 2003; Austin et al., 2008). However, current research on critical thinking has
questioned the validity of self-reports or multiple-choice tests (e.g. Hyytinen et al., 2015; Kleemola
et al., 2021; Shavelson, 2010; Shavelson et al., 2019; Zlatkin-Troitschanskaia et al., 2015), because
this complex phenomenon is extremely difficult to capture with these measurements. To take an
example, self-reports are seen to be problematic in critical thinking assessment as students’
perceptions of their critical thinking may differ from their actual performance (Bowman, 2010;
Hyytinen & Toom, 2019). The challenge of multiple-choice tests is that guessing or eliminating
incorrect options is always possible without a profound understanding of the actual topic. Multiplechoice tests do not provide information on the thought processes through which the students reach
their answers, nor their ability to build arguments (Hyytinen et al., 2015; Kleemola et al., 2021).
Nonetheless, general critical thinking tests require no discipline-specific knowledge, that is, they do
not specifically assess students’ ability to apply their critical thinking skills within pharmacy
contexts (Miller, 2003; Oyler & Romanelli, 2014).
Argumentation and knowledge-processing
Argumentation is a central part of critical thinking (Halpern, 2014; Kuhn, 2019). In argumentation,
higher education students need to have the ability to think critically about beliefs and claims
(Gambrill, 2019; Hyytinen et al., 2019). Argumentation plays a central role in everyday decisionmaking and reasoning. Consideration of different possibilities require making arguments for and
against various views in the light of reasons (Gambrill, 2019). Argumentation is also considered a
core activity of science (Keinonen & Kärkkäinen, 2010).
An argument intends to convince others that a claim or statement is valid or it aims to refute
counterstatement(s) (Gambrill, 2019; Toulmin, 1958; Walton, 1995). It consists of, at least, a claim
and reason(s) that support or oppose this claim (Hyytinen et al., 2017; Keinonen & Kärkkäinen,
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2010). An argument may also include warrants, either implied or stated explicitly, that link the
reasons to the claim (Gambrill, 2019; Toulmin, 1958). To produce convincing arguments a student
needs to be able to process (i.e., assess, evaluate, synthesize and interpret) relevant information that
is associated with a situation, and apply that information to find reasons that support or oppose the
perspective taken by the student (Hyytinen et al., 2017).
Arguments always arise in a certain context that reflects the norms, values, procedures and types of
evidence that are considered acceptable in that context (Gambrill, 2019). Although an argument can
be considered an individual activity through thinking, it is deeply connected to the social elements
of the academic culture (Hyytinen et al., 2017; Keinonen & Kärkkäinen, 2010). It follows that
argumentation involves domain-specific knowledge, including both content knowledge and
procedural knowledge (i.e. knowing how to apply content knowledge; Hyytinen et al., 2019;
Gambrill, 2019). It has been suggested that arguments fail if a claim or conclusion is not balanced
between the reasons. Fallacies (i.e. incorrect arguments) refer to errors in reasoning, for example
when a conclusion is stated, but the rationales given do not support that conclusion (Gambrill 2019;
Walton, 1995). In unclear argumentation, substantial claims or reasons that support the conclusion
are missing, thereby leaving the argument obscure or lacking in logic (Hyytinen et al., 2017).
Previous studies have shown that higher education students have several problems in producing
arguments and utilizing evidence-based knowledge from different sources in their argumentation
(Arum & Roksa, 2011; Badcock et al., 2010; Hyytinen et al., 2017; Hyytinen et al., 2018; Keinonen
& Kärkkäinen, 2010; Kleemola et al., 2021). It has been shown that many students are able to use
evidence to generate claims but fail to construct rationales for or against the claims (Hyytinen et al.,
2017; Hyytinen et al., 2018). In addition, there is evidence that science students tend to use personal
feelings rather than evidence-based scientific knowledge in their argumentation (Keinonen &
Kärkkäinen, 2010). However, earlier research on argumentation has often focused on the ability of
students to assess arguments rather than the students’ ability to produce their own arguments
(Rapanta, et al., 2013).
To draw more valid inferences about pharmacy students’ ability to produce arguments and counterarguments, it is necessary to use tasks that tap these skills and simulate authentic problem-solving
situations (Ercikan & Oliveri, 2016; Hyytinen et al., 2019; Shavelson, 2010). Surprisingly, to our
knowledge, qualitative research on pharmacy Master’s students’ knowledge-processing and
argumentation skills plus the associations between them does not yet exist. As the first year forms a
crucial foundation for study progress and adaptation to subsequent studies more knowledge is
needed about argumentation and knowledge processing.
Aims of this study
The aim of this study is to explore 1st-year Master’s level pharmacy students’ ability to analyse and
process source materials of a given pharmaceutical topic and use that knowledge to produce
arguments and counter-arguments. We focus on what kind of problems, if any, can be found in
argumentation.
More specifically, our research questions are:
1) How do students process and use the source materials given in an open-ended task?
2) What are the characteristics of students’ argumentation?
3) What kind of arguments do students provide in their written responses?
4) How are the characteristics of argumentation associated with the processing of source materials
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Materials and methods
Description of context: pharmacy education in Finland
First-year Master’s-level pharmacy students were studied in a research-intensive university. In
Finland, university-level pharmacy studies comprise a three-year degree programme for a Bachelor
of Science in Pharmacy (180 credits), followed by a two-year degree programme for a Master of
Science in Pharmacy (120 credits) (Hirvonen et al., 2019; Sivén et al., 2020). The learning outcomes
of both these degrees consist of domain-specific and generic skills outcomes (see the listed outcomes
in Authors 2017). The objectives of education leading to a Bachelor or Master of Science (in
Pharmacy) degree are to produce experts in pharmaceutical work in all branches of healthcare and
provide the knowledge and skills needed to maintain and improve their expertise. Directive
2005/36/EC outlines the knowledge to be acquired through the education leading to the Master of
Science (in Pharmacy) degree.
At the University of Helsinki, a curriculum reform was implemented in the academic year 20172018. The learning outcomes and teaching practices for the Degree Programme in Pharmacy had
been revised to include both subject-related learning outcomes, and generic skills that are recognized
as an important and integral part of professional expertise (Katajavuori et al., 2017). The teaching
and evaluation methods within the Bachelor’s degree include lectures, group work and assignments,
independent assignments, laboratory courses and calculation practices, essays, and multiple-choice
question-based exams. In turn, the Master’s-level teaching involves methods such as problem-based
learning, project work in groups and written research plans and essays with the aim of deep
understanding in learning and fostering critical thinking and analysis. The Faculty cooperates with
the University Career Services to foster the students’ working life skills. The students in this study
are about to start their first-year Master’s-level studies, where the focus shifts to a deeper
understanding of pharmaceutical sciences.
Participants
The participants were 37 Master’s-level pharmacy students (26 females and 11 males). The students’
ages varied from 21 to 47, the mean age being 26 years. Although women were overrepresented in
the sample, the distribution was representative of the university population in Finland. At the
University of Helsinki, 66% of the Master’s-level students are women (see more
https://www.helsinki.fi/en/university/the-university-of-helsinki-in-brief/the-university-of-helsinkiin-numbers), the respective ratio being 72% in the Faculty of Pharmacy. The students had a
homogeneous educational background: all had completed the Bachelor of Pharmacy and they were
at the same phase of their studies, that is, in the beginning of their Master’s studies (see above for a
description of their previous studies). All participants had previous experience on working in a
community or hospital pharmacy, some (n=8) had also worked elsewhere (the pharmaceutical
industry, wholesales, university).
Data collection
The data were collected during the students’ first study week as part of their orientation studies. The
purpose was to collect data about incoming students’ argumentation skills. All new Master’s
students were invited to participate in the study in 2018 and 2019, and 40% (n=20) of the cohort in
2018 and 31% (n=17) in 2019 volunteered. The students gave their written consent for participation,
and they were informed that consenting or refraining from consenting would not affect their status
or subsequent grades in any way. The task was approved as part of their compulsory portfolio work
process, and the students who participated got a mark for their portfolio. The anonymity of the
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participants was ensured in the research process. This study did not require a Finnish ethics review
(cf. Finnish National Broad on Research Integrity, 2019).
Data were collected applying an open-ended task (the Figure 1) in which students were asked to
read and analyse four pharmaceutical documents dealing with the problem in question (antibiotic
resistance) and to write arguments and counter-arguments for and against this problem using
information from the source materials. The task included instructions, reading materials about a
pharmaceutical problem, and three open-ended questions for students to address in their written
response. Students were instructed to use the reading materials provided in preparing their response
to the questions. However, the task was open-ended, so it required students to develop their own
interpretations and make choices about the use of sources. In the data collection situation, the
students had 90 minutes to complete the task.
The open-ended task
Students were given four documents dealing with antibiotic resistance.
Document 1: An article in a professional journal
Document 2: An abstract of a systematic research article
Document 3: A review in a scientific journal
Document 4. A textbook chapter
Questions for students to evaluate based on these documents:
1. “Antibiotic resistance needs to be systematically regulated"
Are you for or against this claim? Evaluate the strengths and limitations of this claim based on
the documents you read. Explain how you reached your conclusion.
2. “Antibiotic resistance as a problem is exaggerated, the use of antibiotics is already
successfully implemented"
Are you for or against this claim? Evaluate the strengths and limitations of this claim based on
the documents you read. Explain how you reached your conclusion.
3. “What are good practices considering antibiotic resistance?”
Present your own recommendations for good practices. Justify your answers on the basis of the
content and reliability of the documents you read.
Figure 1
A summary of the open-ended task.
The task was built upon real documents, such as an article in a professional journal, a research
abstract, a review in a scientific journal, and a textbook chapter. The task was designed so that the
documents contained the necessary information to complete the task. The documents were chosen
to be at a sufficient level of difficulty that a student who had completed Bachelor’s-level studies had
enough previous knowledge to manage the task. The task also included contradictory information,
meaning that some was relevant, whereas some was irrelevant to the questions presented in the task.
Data processing and analysis
The data were analysed by qualitative content analysis combining data-driven and theory-driven
approaches (Elo et al., 2014). It is important to note that each students’ written response to the three
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questions presented in the task were analysed as a whole. In the first phase, all the authors read
through the students’ written responses several times independently to get an idea of all the texts.
After this, the authors negotiated together about the coding scheme. The second phase was coding.
This phase was guided by previous research, as the coding of data involved (1) analysis and
processing of source materials (Hyytinen et al., 2015; Hyytinen et al., 2018) and (2) argumentation
(Gambrill, 2019; Walton, 1995). The coding related to the analysis and processing of source
materials focused on how the students identified, interpreted, analysed, synthesized and evaluated
the materials in their written response. The coding of argumentation concentrated on reasons and
explanations how students supported or opposed an idea, claim or conclusion in their written
responses. These different qualities were searched for and coded systematically within each
response. During the analysis process, the responses were carefully compared to the source
materials. The data were analysed first by all the authors independently, and after this the coding
was checked, compared and negotiated until consensus was reached with all the authors.
In the third phase, the authors grouped codes into categories. The categories were then refined,
labelled and cross-checked in relation to the entire data set. Altogether, three categories for analysis
and processing of source materials were identified in the data (for a more detailed description of the
categories, see the Results section). Coding related to argumentation was organized into five
categories of arguments.
During the first three phases, we found that categories varied amongst the students. This allowed us
to classify each student’s written response into one of the three qualitatively different text groups.
In this fourth phase of analysis, the groups were then further distinguished by analysing the
differences and similarities between them, in such a way that each group included a particular
combination of analysis and processing of source materials and argumentation that was sufficiently
distinct from the other groups. This classification into groups was conducted first by the authors
independently, and after this, a final categorization was negotiated together with all of the authors.
During the last phase, we also generated a final description and interpretation. In the first three
phases, the unit of analysis was the individual student’s written response to the open-ended task,
while in the fourth phase the text groups were the units of analysis. All the data extracts were
translated from Finnish into English.

Results
Characteristics of the analysis and processing of source materials
We identified three categories of analysis and processing of source materials which we labelled
superficial, moderate and thorough processing. Superficial processing refers to a situation in which
students demonstrated minimal or no analysis in their responses. That is, students did not show any
serious attempt to analyse, interpret, synthesize or evaluate the information from the source
materials, and disregarded or misinterpreted information. In moderate processing students provided
analysis that addressed a few ideas presented in the source materials, made minor misinterpretations,
and made hardly any claims about the quality or reliability of the information. This suggested partial
comprehension of the materials. Thorough processing refers to situations in which students
identified the major ideas presented in the materials in their written responses. These students were
able to provide a thorough and accurate analysis and they evaluated the relevance of information in
a manner that demonstrated comprehension and understanding of the source materials. Some of
them also comprehensively elaborated the reliability of the information presented.
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Characteristics of the argumentation
Students’ written arguments (i.e. how students provided the reasons and explanations to support or
oppose claims or conclusions) varied. We identified five main categories of arguments from the
students’ responses. Incorrect argument referred to a situation in which students drew a claim,
conclusion or recommendations, but the rationales or explanations given did not support this claim
or conclusion. As an example, a student justified the conclusion by making overstated and hasty
interpretations or generalizations. In Unclear argument, a student provided a claim, conclusion, or
recommendation, but did not provide reasons, evidence or explanations to support it. Alternatively,
a student provided a rationale, but did not clearly state what the rationale was for. Unclear
argumentation also refers to a situation in which a student provided a rationale, but it was based
entirely on the student’s own opinion rather than a solid argument based on a careful analysis of the
materials provided, thereby leaving the argument weak. List of isolated facts referred to a situation
in which a student provided a claim or conclusion, but the rationale consisted of a list of disconnected
facts, i.e. students offered disconnected or random facts, and connected these to each other without
proper justification. Convincing argument meant that a student presented rationales and valid
evidence that supported the conclusion, i.e. students were able to justify their conclusions or
statements using reliable and valid evidence from the materials avoiding problematic, overstated
and inaccurate interpretations based on the analysis of the materials provided. In counter-argument,
a student presented valid counter-evidence for or against a particular conclusion, claim or statement
using information from the sources.
The associations with argumentation and processing of source materials
The categories of analysis and processing of source materials and argumentation and the ways in
which these categories were associated with each other differed among participants. Analysis further
revealed that the responses differed how the relevance of the information to the given
pharmaceutical problem was elaborated. Based on these differences, it was possible to divide each
students’ written response into one of these three text groups. These groups were 1) Hasty responses,
2) Uneven responses, and 3) Elaborated responses (see Table 1). Next, we present these groups in
more detail.
About a third (n=9) of the students’ responses were classified in the Hasty responses group (Table
2). Students’ responses in this group were not based on a thorough analysis of the documents. The
responses were short in comparison to the other two groups. The student responses in this group
provided minimal analyses of the documents. The students briefly addressed only one idea from one
or two documents and repeated the information as it was given in the source documents. Students
did not consider the relevance of the information to the problem, nor source reliability in their
responses. Although students in this group might provide claims, conclusion or recommendations,
they did not develop convincing arguments. Argumentation was typically unclear and/or incorrect,
or they made overstated arguments. Common to all the responses in this group, they were one-sided
in nature and based on isolated facts or ideas from the documents.
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Table 1
A summary of variation identified in students’ responses to the open-ended task (n=37).
Group
1 Hasty
responses
(n=9)

2 Uneven
responses
(n=18)

3 Elaborated
responses
(n=10)

Relevance to the
problem
Response is weakly
based on
documents.
Relevance of the
information to the
problem is not
considered.
Response is based
on documents
provided, relevance
of the information is
recognized.
Reference is given.

Response is based
on relevant and
reliable documents.
Relevance of the
documents is
evaluated.
Reference is given.

Processing

Argumentation

Minimal or superficial processing
and analysis, analysis is inaccurate,
misinterprets information.
Presents and repeats scattered
information from the documents.

Making unclear or overstated
arguments, e.g. the rationales
are based on the students’
own opinions, or a single
isolated fact is presented as a
rationale

Uneven in quality: suggesting
partial comprehension of the
documents. May repeat the
information, may misinterpret the
information. A response may be
based on a single document. May
attempt to address contradictory
information.
Combining and synthesising
information from several
documents. Demonstrates versatile
and thorough processing and
elaboration of information.
Pros and cons are discussed. May
refute contradictory evidence.

Uneven argumentation:
provides unclear or overstated
arguments, presents isolated
facts as rationales.
May provide some valid
arguments and counterarguments.
Presents convincing
arguments. Reasons and
rationales are based on a
comprehensive analysis of the
relevant sources.
May present counterarguments.

Table 2
An extract of a typical response of the hasty responses group
Data extract
Claim/question: “Antibiotic resistance needs to be systematically
regulated”
A: “Intervening in a systematic manner is, however, difficult. It
would have been done already if it was easy. To humankind it is
unsustainable that the development of new antimicrobials is
unprofitable and yet at the same time the negligent use of
existing medicines is economically profitable.” (Student 13,
2019)

Coded for

Superficial processing of source
material
Response is weakly based on
documents
Overstated arguments are made
Provides personal opinions
rather than information from the
documents
No references given

Almost half (n=18) of the students’ responses were classified in the Uneven responses group (see
Table 3). In this group, most students based their arguments on only a few documents and ideas
provided in the task (n=14) and excluded the rest. They did not provide a comprehensive analysis
of all documents in their response. Some of them misinterpreted the information provided. Although
students in this group recognized the relevance of the information to the pharmaceutical problemsolving situation presented in the task, they did not explicitly elaborate source reliability. Citations
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were not always given either, although they were requested in the assignment. Students were able
to provide clear statements about their opinions, but the argumentations varied. All five categories
of argumentation were identified in students’ responses: incorrect argument, unclear argumentation,
list of isolated facts, convincing argument, and counter-argument. Some students in this group
presented isolated facts as rationales (n=4) or provided unclear or overstated arguments in their
responses (n=3). Some students (n=4) were able to present a counter-argument or refute
contradictory evidence in their response.
Table 3
An extract of a typical response of the Uneven responses group
Data extract
Q. “Antibiotic resistance as a problem is
exaggerated, the use of antibiotics is already
successfully implemented"
A: “As a problem antibiotic resistance could well
be excessive, as we already have a lot of means
to influence the generation of resistances. As a
problem antibiotic resistance is, however, severe
as the more multiresistant bacteria are formed,
the more difficult it is to treat the diseases. … On
the basis of all the documents, antibiotic
resistance will be a significant threat in the
future. … The manufacture of antibiotics has
slowed down and new antibiotics are harder to
come by than previously. If new antibiotics were
found all the time, humankind would not have
this problem at all.” (Student 14, 2019)

Coded for

Uneven quality in processing the data
Presents partial comprehension of the documents
Relevance of the information is recognized
Refers to the documents, but the source is not
specified
Provides opinions
Unclear argumentation
Presents isolated facts as rationales
Provides some valid arguments

A quarter (n=10) of the students’ responses belonged to the Elaborated responses group (Table 4).
These students presented comprehensive and thorough analyses of all the relevant information based
on the documents, and the relevance of the documents to the pharmaceutical problem was also
evaluated. The majority of the students in this group clearly cited the sources of their information:
only two of them did not cite the source materials in their response. Furthermore, students in this
group presented convincing arguments. Half of the students in this group (n=5) presented counterarguments or refuted contradictory information in their responses. Many students did not, however,
comprehensively evaluate source reliability (n=6).
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Table 4
An extract of a typical response of the Elaborated responses group
Data extract
Q: “Antibiotic resistance as a problem is
exaggerated, the use of antibiotics is
already successfully implemented"
A: “None of the given documents denies
that antibiotic resistance would be a real
threat or states that we should not interfere
with the way things are. The differences in
the documents apply to the suitable and
necessary means to interfere in the problem.
I would consider the most reliable source
material the review article by authors
Karman and Virta, which justify the
measures with reliable-sounding reference
materials. The authors present several
references, and the source material consists
of newly published scientific articles and
research reports. .… Not a single document
argues that antibiotic resistance is
exaggerated as a problem, so I disagree with
the statement given.” (Student 15, 2019)

Coded for

Demonstrates thorough processing and
elaboration of information
Combining and synthesizing information
from several documents
Response is based on relevant and reliable
documents
Relevance of the documents is evaluated
Reference is given
Presents mainly convincing arguments with
evidence that supports the conclusion.

Discussion and conclusions
This study set out to explore how 1st -year Master’s students process and use the source material in
a given pharmaceutical open-ended task, what is characteristic to their argumentation and what kind
of arguments they provide and finally, how the argumentation is associated with the processing of
source material.
Firstly, the results of this study revealed that even though the 1st-year Master’s students shared a
homogeneous educational background there was substantial variation among the students how they
analysed and processed the domain-specific knowledge and utilized that knowledge in generating
written arguments. This is in line with the findings of earlier studies (cf. Arum & Roksa, 2011;
Badcock et al., 2011; Evens et al., 2013; Nissinen et al., 2021). Secondly, we found that most of the
students had difficulties in providing comprehensive analyses in their response, and this led to
fragmented written responses. Some students repeated the information presented in the source
materials or their responses were based solely on a single document. Some students also
misinterpreted the information. These findings indicate that many students’ knowledge processing
and the use of source materials remained inadequate. Earlier studies have also shown that pharmacy
students tend to adopt surface-level processing in learning (Nieminen et al., 2004; Varunki et al.
2017). At the same time, many students also had problems in developing convincing arguments
concerning the pharmaceutical problem-solving situation presented in the task. Providing unclear or
overstated arguments or presenting isolated facts as rationales were common problems.
The third aim was to explore how students’ argumentation is associated with the use of source
materials. Consistent with the literature (Hyytinen et al., 2017; Hyytinen et al., 2018), the results of
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this study showed that the characteristics of argumentation were associated with the processing of
the available source materials. Students who provided minimal or partial comprehension of the
documents more often had trouble with argumentation when compared with students in the
elaborated response text group. Interestingly, the results also demonstrated that the students’ written
responses were often one-sided, meaning that only a minority of the students provided counterarguments in their responses. This was prevalent in all groups. Only a few students comprehensively
evaluated the reliability of the given information. Additionally, the findings of the present study are
in line with earlier studies, which have shown that even if students are able to use evidence to
generate claims, they can fail to construct rationales for or against the claims (e.g., Hyytinen et al.,
2017; Hyytinen et al., 2018).
This study has educational significance in identifying challenges related to argumentation and
processing knowledge in open-ended assignment tasks encountered by 1st-year Master’s pharmacy
students. These challenges are important to take into account because they may have negative farreaching consequences for studies and later for transition to the working life (cf. Arum & Roksa,
2011; Haarala-Muhonen et al., 2017; van der Zanden et al., 2019). Mastering critical thinking and
argumentation enables students to apply their field-specific knowledge to a variety of situations both
during their studies and later in the world of work (e.g., Hyytinen et al., 2019; Tuononen & Parpala,
2021; Tuononen et al., 2019b).
In order to ensure the development of critical thinking during university studies, knowledge
processing and argumentation skills need to be practised. In addition, the acquisition of skills need
to be supported in a variety of ways throughout pharmacy education (Arum & Roksa, 2011;
Hyytinen et al., 2019; Oyler & Romanelli, 2014). Curricula need to be carefully and systematically
designed to teach critical thinking and argumentation (Cone et al., 2016; Persky et al., 2019). These
skills should be integrated into the intended learning outcomes, learning and teaching activities, the
contents of the courses, and assessment (Hyytinen et al., 2019). It is also important to promote
students’ awareness of their skills, for instance, by engaging in different tasks or sharing with others
(Tuononen et al., 2017; Tuononen et al., 2019b). Such reflections help students to understand their
own skills and current abilities, and thus support their learning processes.
However, further research is needed on whether the development of pharmacy education and
curriculum planning could improve critical thinking and argumentation skills in a meaningful way
(Miller, 2003). In such evaluations, assessment tasks that focus on students’ abilities in authentic
problem-solving situations, mimicking a real-life situation, are needed (Ercikan & Oliveri, 2016;
Hyytinen & Toom, 2019; Shavelson et al. 2018; Shavelson et al. 2019; Zlatkin-Troitschanskaia et
al. 2015). The open-ended task presented here would serve as one assessment tool in such studies.
This would provide more nuanced information on the development of critical thinking throughout
the degree programme curricula and thus be valuable in fostering pharmacy students’ learning.
Limitations of the study
The major limitation of this study was the small number of the participants, with the risk of bias in
the data. Only 35% of the cohort took the open-ended task, which might indicate that only the most
motivated students participated in the study. The task completion was solely based on students’
voluntary activity. The task was approved as part of their compulsory portfolio work process with
no grade being given. Therefore, the effort the student put into the task might have been different
than if the task had been graded or compulsory. Further, time limitations, the student’s personal
situation and peer pressure might have accounted for the outcome of the task. Moreover, the results
were based on an analysis of the students’ written responses, and thus we do not know what the
students were thinking about the task and why they made the choices they did. Understanding how
students think and reason would, however, be important from the perspective of the learning process.
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For these reasons, further studies on the current topic are needed. In order to investigate the
development of critical thinking, there is a need for a longitudinal study in which the same pharmacy
students are followed from the initial to the final stage of their study path.

References
Abrami, P., Bernard, R., Borokhovski, E., Wade, A., Surkes, M., Tamim, R., & Zhang, D. (2008).
Instructional interventions affecting critical thinking skills and dispositions: A stage 1
meta-analysis. Review of Educational Research, 78(4), 1102–1134.
https://doi.org/10.3102/0034654308326084.
Allen, D., & Bond, C. (2001). Prepharmacy predictors of success in pharmacy school: Grade point
averages, pharmacy college admissions test, communication abilities, and critical thinking
skills. Pharmacotherapy, 21(7), 842–849. https://doi.org/10.1592/phco.21.9.842.34566.
Arum, R., & Roksa, J. (2011). Academically adrift: Limited learning on college campuses. The
University of Chicago Press, Chicago.
Austin, Z., Gregory, P. & Chiu, S. (2008). Use of reflection-in-action and self-assessment to
promote critical thinking among pharmacy students. American Journal of Pharmaceutical
Education, 72(3), 48. DOI:10.5688/aj720348.
Badcock, P.B.T., Pattison, P.E., & Harris K-L. (2010). Developing generic skills through
university study: a study of arts, science and engineering in Australia. Higher Education,
60(4), 441–458. https://doi.org/10.1007/s10734-010-9308.
Boshuizen, H., & Schmidt, H. (2008). The development of clinical reasoning expertise:
Implications for teaching. In Higgs J., Jones M., Loftus S., & Christensen N. (eds.) Clinical
reasoning in the health professions (3rd edition, pp. 57–65). ButterworthHeinemann/Elsevier, Oxford.
Cisneros, R. (2009). Assessment of critical thinking in pharmacy students. American Journal of
Pharmaceutical Education, 73(4), 66. https://doi.org/10.5688/aj730466.
Cone, C., Godwin, D., Salazar, K., Bond, R., Thompson, M., & Myers, O. (2016). Incorporation of
an explicit critical-thinking curriculum to improve pharmacy students’ critical-thinking
skills. American Journal of Pharmaceutical Education, 80(3), article 41.
https://doi.org/10.5688/ajpe80341
Elo, S., Kääriäinen, M., Kanste, O., Pölkki, T., Utriainen, K., & Kyngäs, H. (2014). Qualitative
content analysis: A focus on trustworthiness. SAGE Open.
https://doi.org/10.1177/2158244014522633
Ercikan, K., & Oliveri, M. (2016). In search of validity evidence in support of the interpretation
and use of assessments of complex constructs: Discussion of research on assessing 21st
century skills. Applied Measurement in Education, 29(4), 310–318.
https://doi.org/10.1080/08957347.2016.1209210
Evens, M., Verburgh, A., & Elen, J. (2013). Critical thinking in college freshmen: The impact of
secondary and higher education. International Journal of Higher Education, 2(3), 139–151.
https://doi.org/10.5430/ijhe.v2n3p139
Finnish National Board on Research Integrity. (2019). The ethical principles of research with
human participants and ethical review in the human sciences in Finland.
https://www.tenk.fi/sites/tenk.fi/files/Ihmistieteiden_eettisen_ennakkoarvioinnin_ohje_201
9.pdf
Gambrill, E. (2019). Critical thinking and the process of evidence-based practice. Oxford
University Press, NY.

https://ro.uow.edu.au/jutlp/vol18/iss6/04

48

Hyytinen et al.: Argumentation and processing knowledge in open-ended assignment tasks

Haarala-Muhonen, A., Ruohoniemi, M., Parpala, A., Komulainen, E., & Lindblom-Ylanne. S.
(2017). How do the different study profiles of first-year students predict their study success,
study progress and the completion of degrees? Higher Education, 74, 949–962.
Halpern, D. (2014). Thought and knowledge (5th edition). Psychology Press, NY
Hirvonen, J., Salminen, O., Vuorensola, K., Katajavuori, N., Huhtala, H., & Atkinson,
J., (2019). Pharmacy Practice and Education in Finland. Pharmacy, 7(21), 1–15.
https://doi.org/10.3390/pharmacy7010021
Hyytinen, H., Löfström, E., & Lindblom-Ylänne, S. (2017). Challenges in argumentation and
paraphrasing among beginning students in educational science. Scandinavian Journal of
Educational Research, 61 (4), 411–429. https://doi.org/10.1080/00313831.2016.1147072.
Hyytinen, H., Nissinen, K., Ursin, J., Toom, A., & Lindblom-Ylänne, S. (2015). Problematising
the equivalence of the test results of performance-based critical thinking tests for
undergraduate students. Studies in Educational Evaluation, 44, 1–8.
https://doi.org/10.1016/j.stueduc.2014.11.001
Hyytinen, H., & Toom, A. (2019). Developing a performance assessment task in the Finnish
higher education context: conceptual and empirical insights. British Journal of Educational
Psychology, 89(3), 551–563. https://doi.org/10.1111/bjep.12283
Hyytinen, H., Toom, A., & Postareff, L. (2018). Unraveling the complex relationship in critical
thinking, approaches to learning and self-efficacy beliefs among first-year educational
science students. Learning and Individual Differences, 67, 132–142.
https://doi.org/10.1016/j.lindif.2018.08.004
Hyytinen, H., Toom, A., & Shavelson, R. J. (2019). Enhancing scientific thinking through the
development of critical thinking in higher education. In M. Murtonen, & K. Balloo (Eds.),
Redefining Scientific Thinking for Higher Education: Higher-Order Thinking, EvidenceBased Reasoning and Research Skills (pp. 59-78). Cham: Palgrave Macmillan. https://doi.
org/10.1007/978-3-030-24215-2_3
Inácio, J., Barnes, L.-M., Jeffs, S., Castanheira, P., Wiseman, M., Inácio, S., Bowler, L., &
Lansley, A. (2017). Master of Pharmacy students’ knowledge and awareness of antibiotic
use, resistance and stewardship. Current in Pharmacy Teaching and Learning, 9(4), 551–
559.
Keinonen, T., & Kärkkäinen, S. (2010). University students’ argumentation in science and
environmental education. Problems of Education in the 21st Century, 22, 54–63.
Kidd, R., & Latif, D. (2003). Traditional and novel predictors of classroom and clerkship success
of pharmacy students. American Journal of Pharmaceutical Education, 67, 1(4), 860–865.
Kleemola, K., Hyytinen, H., & Toom, A. (2021). Exploring internal structure of a performancebased critical thinking assessment for new students in higher education. Assessment &
Evaluation in Higher Education, 1–14. https://doi.org/10.1080/02602938.2021.1946482
Kuhn, D. (2019). Critical thinking as discourse. Human Development, 62 (3), 146–164.
LIAT-Ph Consortium. (2014). Linking industry and academia in teaching pharmaceutical
development and manufacture (LIAT-Ph). European Industrial Pharmacy, 21, 9–10.
https://issuu.com/eipg/docs/eip21_jun14/8
Miller, D. (2003). Longitudinal assessment of critical thinking in pharmacy students. American
Journal of Pharmaceutical Education, 67, (1/4), 890–897.
Miller, D. (2004). An assessment of critical thinking: Can pharmacy students evaluate clinical
studies like experts? American Journal of Pharmaceutical Education, 68(1), 1–5.
Nieminen, J., Lindblom-Ylänne, S., & Lonka, K. (2004). The development of study orientations
and study success in students of pharmacy. Instructional Science, 32(5), 387–417.
Nissinen, K., Ursin, J., Hyytinen, H., & Kleemola, K. (2021). Higher education students’ generic
skills. In J. Ursin, H. Hyytinen, & K. Silvennoinen (eds.), Assessment of undergraduate
students’ generic skills – Findings of the Kappas! project (pp. 39-80). Publications of the

49

Journal of University Teaching & Learning Practice, Vol. 18 [2021], Iss. 6, Art. 04

Ministry of Education and Culture 2021:31. Ministry of Education and Culture.
http://urn.fi/URN:ISBN:978-952-263-901-1
Nornoo, A., Jackson, J., & Axtell, S. (2017). Investigating the correlation between pharmacy
student performance on the Health Science Reasoning Test and a critical thinking
assignment. American Journal of Pharmaceutical Education, 81(2), Article 24.
https://doi.org/10.5688/ajpe81224
Oderda, G., Zavod R., Carter, J., Early, J., Joyner, P., Kirschenbaum, H., Mack, E., Traynor, A., &
Plaza E. (2010). An environmental scan on the status of critical thinking and problem
solving skills in colleges/schools of pharmacy: Report of the 2009-2010 Academic Affairs
Standing Committee. American Journal of Pharmaceutical Education, 74(10), article S6.
Oyler, D., & Romanelli, F. (2014). The fact of ignorance: Revisiting the Socratic method as a tool
for teaching critical thinking. American Journal of Pharmaceutical Education, 78(7),
article 144. https://doi.org/10.5688/ajpe787144
Persky, A., Medina, M., & Castleberry, A. (2019). Developing critical thinking skills in pharmacy
students. American Journal of Pharmaceutical Education, 83(2), article 7033.
https://doi.org/10.5688/ajpe7033
Phillips, R., Chesnut, R., & Rospond, R. (2004). The California critical thinking instruments for
benchmarking, program assessment and directing curricular change. American Journal of
Pharmaceutical Education, 68(4), article 101.
Rapanta, C., Garcia-Mila, M., & Gilabert, S. (2013). What is meant by argumentative
competence? An integrative review of methods of analysis and assessment in education.
Review of Educational Research, 83(3), 483–520.
Shavelson, R. (2010). Measuring college learning responsibly: Accountability in a new era.
Stanford University Press, Stanford, CA.
Shavelson, R. J., Zlatkin-Troitschanskaia, O., & Mariño, J. P. (2018). International performance
assessment of learning in higher education (iPAL): Research and development. In O.
Zlatkin-Troitschanskaia, M. Toepper, H. A. Pant, C. Lautenbach, & C. Kuhn (Eds.),
Assessment of learning outcomes in higher education: Cross-national comparisons and
perspectives (pp. 193–214). Springer International Publishing. https://doi.org/10.1007/9783-319-74338-7
Shavelson, R., Zlatkin-Troitschanskaia, O., Beck, K., Schmidt, S., & Marino, J. (2019).
Assessment of university students’ critical thinking: Next generation performance
assessment. International Journal of Testing, 19(4), 337–362.
https://doi.org/10.1080/15305058.2018.1543309
Sivén M., Teppo J., Lapatto- Reiniluoto O., Teräsalmi E., Salminen O., & Sikanen T. (2020),
Generation Green – A holistic approach to implementation of green principles and practices
in educational programmes in pharmaceutical and medical sciences at the University of
Helsinki. Sustainable chemistry and pharmacy, 16, 100262.
https://doi.org/10.1016/j.scp.2020.100262
Toulmin, S. (1958). The uses of argument. Cambridge University Press, Cambridge, UK.
Tuononen, T., Parpala, A., & Lindblom-Ylänne, S. (2017). Transition from university to working
life. An exploration of graduates’ perceptions of their academic competences. In Kyndt E.,
Donche V., Trigwell K., Lindblom-Ylänne S. (eds.). EARLI book series 17, New
perspectives on learning and instruction (pp. 238 –253). Routledge, Taylor & Francis
group, London.
Tuononen, T., Parpala, A. & Lindblom-Ylänne, S. (2019a). Complex interrelations between
academic competences and students’ approaches to learning – mixed-methods study.
Journal of Further and Higher Education, 44(8), 1080–1097.
https://doi.org/10.1080/0309877X.2019.1648776

https://ro.uow.edu.au/jutlp/vol18/iss6/04

50

Hyytinen et al.: Argumentation and processing knowledge in open-ended assignment tasks

Tuononen, T., Parpala, A., & Lindblom-Ylänne, S. (2019b). Graduates’ evaluations of usefulness
of university education, and early career success – a longitudinal study of the transition to
working life. Assessment & Evaluation in Higher Education, 44(4), 581–595.
Tuononen, T., & Parpala, A. (2021). The role of academic competences and learning processes in
predicting Bachelor’s and Master’s thesis grades. Studies in Educational Evaluation, 70.
https://doi.org/10.1016/j.stueduc.2021.101001
van der Zanden, P., Denessen, E., Cillessen, A., & Meijer, P. (2019). Patterns of Success: Firstyear Student Success in Multiple Domains. Studies in Higher Education, 44(11), 2081–
2095.
Varunki, M., Katajavuori, N., & Postareff, L. (2017). First-year students’ approaches to learning,
and factors related to change or stability in their deep approach during a pharmacy course.
Studies in Higher Education, 42(2), 331–353.
https://doi.org/10.1080/03075079.2015.1049140
Walton, D. (1995). A pragmatic theory of fallacy. University of Alabama Press, Tuscaloosa, AL.
Zlatkin-Troitschanskaia, O., Shavelson, R., & Kuhn, C. (2015). The international state of research
on measurement of competency in higher education. Studies in Higher Education, 40(3), 393–
411. https://doi.org/10.1080/03075079.2015.1004241

51

